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(54) Hydraulic chain tensioner with a deep drawn bore cup 



(57) A hydraulic tensioner is designed for low cost 
and ease of manufacturing. A piston housing (102) has 
a bore (104) and a bore cup member (105) received 
within the bore (104). A piston (1 30) is slidably received 
within the bore cup member (105), forming a high pres- 
sure fluid chamber (180) with the bore cup member 
(105). The piston housing (102) can be constructed of 



inexpensive materials such as aluminum or plastic. The 
piston (1 30) and bore cup member (105) are construct- 
ed of drawn metal. A single channel connects the pres- 
sure chamber (180) to an external source of fluid, and 
a single valve system (214) regulates the flow of fluid 
into the pressure chamber. The inexpensive materials 
and simple design provide for a low cost hydraulic ten- 
sioner. 



FIG.4 
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BACKGROUND OF INVENTION 

[0001] A tensioning device, such as a hydraulic ten- s 
sioner, is used as a control device for a power transmis- 
sion chain, or similar power transmission device, as the 
chain travels between a plurality of sprockets. In this de- 
vice, the chain transmits power from a driving shaft to a 
driven shaft, so that part of the chain is slack and part io 
of the chain is tight. Generally, it is important to impart 
and maintain a certain degree of tension in the chain to 
prevent noise, slippage, or the unmeshing of teeth in the 
case of a toothed chain. 

[0002] Prevention of such slippage is particularly im- is 
portant in the case of a chain driven camshaft in an in- 
ternal combustion engine because jumping of teeth will 
throw off the camshaft timing, possibly causing damage 
or rendering the engine inoperative. However, in the 
harsh environment of an internal combustion engine, 20 
various factors can cause fluctuations in the chain ten- 
sion. 

[0003] For instance, wide variations in temperature 
and thermal expansion coefficients among the various 
parts of the engine can cause the chain tension to vary 25 
between excessively high or low levels. During pro- 
longed use, wear to the components of the power trans- 
mission system can cause a decrease in chain tension. 
In addition, camshaft and crankshaft induced torsional 
vibrations cause considerable variations in chain ten- 30 
sions. Reverse rotation of an engine, occurring for ex- 
ample in stopping or in failed attempts at starting, can 
also cause fluctuations in chain tension. For these rea- 
sons., a mechanism is desired to remove excessive ten- 
sioning forces on the tight side of the chain and to ensure 35 
the necessary tension on the slack side of the chain. 
[0004] Hydraulic tensioners are a common method of 
maintaining proper chain tension. In general, these 
mechanisms employ a lever arm that pushes against the 
chain on the slack side of the power transmission sys- *o 
tern. This lever arm must push toward the chain, tight- 
ening the chain, when the chain is slack, and must be 
very rigid when the chain tightens. 
[0005] To accomplish this result, a hydraulic tensioner 
typically comprises a rod or cylinder as a piston, which 45 
is biased in the direction of the chain by a tensioner 
spring. The piston is housed within a cylindrical piston 
housing, having an interior space which is open at. the 
end facing the chain and closed at the other end. The 
interior.space of the piston housing contains a pressure so 
chamber in connection with a reservoir or exterior 
source of hydraulic fluid. The pressure chamber is typ- 
ically formed between the piston housing and the piston, 
and it expands or contracts when the piston moves with- 
in the piston housing. ss 
[0006] Typically, valves are employed to regulate the 
flow of fluid into and out of the pressure chamber. For 
instance, an inlet check valve typically includes a ball- 
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check valve that opens to permit fluid flow in to the pres- 
sure chamber when the pressure inside the chamber 
has decreased as a result of outward movement of the 
piston. When the pressure in the pressure chamber is 
high, the inlet check valve closes, preventing fluid from 
exiting the pressure chamber, which in turn prevents the 
piston chamber from contracting, which in turn prevents 
the piston from retracting, achieving a so-called "no-re- 
turn" function. 

[0007] In some tensioners, a pressure relief valve al- 
lows the tensioner to retract in response to large in- 
creases in chain tension. The pressure relief valve typ- 
ically includes a spring biased check valve. This valve 
opens when the pressure in the pressure chamber be- 
comes high. The opening of the pressure relief valve al- 
lows fluid to exit the pressure chamber which allows the 
pressure chamber to contract, thus allowing retraction 
of the piston. 

[0008] In operation, the tensioner spring and hydrau- 
lic fluid urge the piston outwards, balanced against the 
inward force of the chain. As the tension in the chain 
increases, the chain exerts a force on the piston in the 
direction of piston retraction. As the piston is forced in 
the retraction direction, the fluid pressure in the pressure 
chamber increases, but the inlet check valve prevents 
the fluid from exiting the pressure chamber, if the pres- 
sure increases to a predetermined level the pressure 
relief valve opens, allowing the fluid to exit the pressure 
chamber. 

[0009] If, due to chain wear or other factors, the ten- 
sion in the chain reduces so that the force of the chain 
on the piston no longer balances the combined force of 
the hydraulic pressure and the tensioner spring, then the 
piston will extend toward the chain, thereby tensioning 
the chain. As the piston extends toward the chain, the 
inlet valve opens, allowing hydraulic fluid from the ex- 
ternal source of fluid to fill the pressure chamber. 
[0010] A number of challenges exist in the design of 
hydraulic tensioners, including high cost and difficulty of 
manufacture and assembly. Traditionally, hydraulic ten- 
sioners have been constructed of cast iron housing bod- 
ies with turned and centerless ground pistons. This type 
of construction is expensive and difficult to manufacture. 
A need exists for a lower cost hydraulic tensioner which 
is easier to manufacture and assemble. 
[0011] One example of a tensioner design directed to 
reduced cost is described in Ojima et al., U.S. Patent 
No. 5,037,357. Ojima et al. disclose a spring loaoed ten- 
sioner including a body having a bearing surface, a first 
spring seated against the bearing surface and biasing 
a piston in a protruding direction. A second spring func- 
tions as a damper allowing the piston to retract in re- 
sponse to increasing tension in the belt or chain. The 
body may b made of sh t m tal, allowing for low cost 
manufacturing. The disadvantages of this design in- 
clude the reliance on springs to provide the "no return" 
and pressure relief functions. As a result, this design 
does not provide the advantages in performance pro- 
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vided by a hydraulic tensioner. 

[0012] The present invention is directed to a lower 
cost hydraulic tensioner. A housing body has a bore, and 
a bore cup received in the bore. The bore cup may be 
deep drawn of a suitable metal. A piston is s I idably re- 
ceived in the bore cup, forming a pressurized fluid cham- 
ber with the inside of the bore cup. The piston may also 
be constructed of drawn metal. Preferably, the fluid 
chamber is connected to the external source of fluid by 
a single passage. A valve system is assembled within 
a valve housing which is positioned within the piston. 
The valve system performs the inlet check function. In 
one embodiment, the valve system includes an integral 
inlet and pressure relief valve which performs both the 
inlet check function and the pressure relief function. 
[0013] Because the pressure chamber is formed with 
the bore cup, rather than the housing body as in . con- 
ventional tensioners, the housing body of the present 
invention can be constructed of materials, such as alu- 
minum or plastic, which are less expensive than the cast 
iron which is employed by conventional tensioners. In 
addition, the positioning of the valve system within the 
bore cup eliminates the need to provide a valve system 
within the housing body. Thus, the positioning of the 
valve system within the bore also reduces the cost of 
the tensioner. 

[0014] Furthermore, the design, employing a single 
passage connecting the pressure chamber with the ex- 
ternal source of fluid, in contrast to a design having two 
or more passages connecting to the fluid chamber, also 
simplifies the design of the housing body, allowing for a 
lower cost hydraulic tensioner. In operation, the single 
passage design also reduces the amount of pressure 
fluid lost to the system, resulting in a more efficient and 
less costly tensioner system. 

[0015] In some embodiments, the inlet check valve 
assembly employs the aperture in the bore cup as a 
valve seat. This design provides for a lower cost valve 
assembly compared to designs employing a separate 
member as a valve seat. 

[001 6] Accordingly, it is an object of the present inven- 
tion to provide a hydraulic tensioner capable of im- 
proved response to fluctuations in chain tension. Anoth- 
er object o1 this invention is to provide a hydraulic ten- 
sioner for which the cost of manufacture is lower than 
the cost of conventional hydraulic tensioners. Another 
object of this invention is to provide a hydraulic tensioner 
having a housing body constructed of an inexpensive 
material. A further object of the invention is to provide a 
hydraulic tensioner having a bore cup, piston and/or a 
valve housing constructed of drawn metal. Still another 
object of this invention is to provide a hydraulic tensioner 
allowing for ease of manufacture and assembly. 

SUMMARY OF THE INVENTION 

[0017] The present invention concerns a tensioner 
which can be manufactured at a reduced cost compared 
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to conventional tensioners. According to one aspect of 
the present invention, there is provided a tensioner for 
a wrapped power transmission device, e.g. a chain link- 
ing at least two rotating members such as a pair of 

s sprockets. A housing body has a bore and a bore cup 
positioned within the bore. A piston slidably fits within 
the bore cup, forming a pressure chamber with the bore 
cup. A spring is contained within the pressure chamber 
biasing the piston outward from the housing bore. 

io [0018] The bore cup and piston may be manufactured 
by drawing. Because the pressure chamber is formed 
by the bore cup and the piston : the housing body can 
be constructed of a variety of materials, such as iron, 
aluminum, or plastic. The structure of the bore cup is not 

is necessarily limited to a cup shape, and may include oth- 
er, shapes such as a hollow cylinder, cylindrical sleeve, 
or split member, with a plurality of sections. 
[0019]" . A valve housing is positioned within the piston 
spring. This valve housing is a hollow structure, posi- 

20 tioned against an aperture in the piston housing con- 
necting the pressure chamber to an external source of 
fluid. The valve housing may be press fit into the bore 
cup. and may also be constructed of drawn metal. 
[0020] Insidethe valve housing are assembled valves 
, 25 regulating the flow of fluid in to and out of the pressure 
chamber. Preferably, an inlet check valve is employed. 
This check valve includes a spring seated against the 
valve housing which biases a valve member toward a 
- valve seat. The inlet check valve may employ the aper- 

30 ture in the bore cup as a valve seat. 

[0021] Alternatively, an integral inlet and pressure re- 
lief valve may be positioned within the valve housing. 
This valve has the effect of permitting fluid to flow in to 
the pressure chamber, but to only permit fluid to exit the 

35 pressure chamber when the pressure in the pressure 
chamber reaches a certain specified limit. -This regula- 
tion of the fluid flow provides for a tensioner responsive 
to fluctuations in chain tension, and the positioning of 
the valve within a single valve housing provides advan- 

40 tages of assembly and manufacture. 

[0022] For a better understanding of these and other 
aspects and objects of the invention, reference should 
be made to the following detailed description taken in 
. conjunction with the. accompanying drawings. 

45 .. 

BRIEF DESCRIPTION OF THE DRAWINGS 

, [0023] In the drawings, which are not to scale, 

so ... Fig. .1: is.a>side view of one embodiment of the 
. presentJnvention, a power transmission device op- 
erating with a hydraulic tensioner;- 
Fig. 2 is a perspective view of a bore cup of one 
embodiment of the .tensioner of the present inven- 
ts tion; 

Figures 3a and 3b are perspective views of a piston 
housing of one embodiment of the present inven- 
tion; 
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Fig. 3c is an end cross sectional view of the piston 
housing shown in Figures 3a and 3b; 
Fig. 4 is a side cross sectional view of another em- 
bodiment of the present invention; 
Figure 5 is a side cross sectional view of another 
embodiment of the present invention; and 
Figure 6 is a highly schematic perspective of anoth- 
er embodiment of the present invention, a method 
of manufacturing a hydraulic tensioner. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0024] Turning now to the drawings, the present in- 
vention is directed to providing a hydraulic tensioner 
which can be manufactured at a lower cost than con- 
ventional tensioners. The tensioner includes a bore cup 
and a piston forming a pressurized fluid chamber. Be- 
cause the pressure chamber is formed by the bore cup, 
the housing body can be constructed of an inexpensive 
material. The bore cup, piston, and valve housing may 
be constructed of drawn metal, further reducing the cost 
of manufacturing the tensioner. Furthermore, a single 
conduit connects the pressure chamber to an external 
source of fluid, and a single valve system. is positioned 
within the piston to regulate the flow of fluid in to and out 
of the pressure chamber. This simple design also reduc- 
es the cost of the tensioner. 

[0025] Figure 1 illustrates one embodiment of the 
present invention A power transmission device 10 com- 
prises a chain 12 operating between two sprockets 14, 
16. A lever arm 18 mounted on a pivot 20 presses 
against the chain to maintain tension. A hydraulic ten- 
sioner 100 has a piston 130, which applies force to the 
lever arm IS. 

[0026] Figures 2 and 3 show one embodiment of the 
present invention. The tensioner 100 includes a piston 
housing 1 02 having a bore 1 04 and an inner surface 1 06 
on this bore. A bore cup 105 is received within the bore 
104 of the housing body 102. Preferably, the bore and 
bore cup are substantially cylindrical in shape. In one 
embodiment, the bore cup is press fit into the bore. For 
instance, the bore cup 105 may have a lip 109 at its open 
end which can be press fit into a counterborem in the 
piston housing bore 1 04. Other means of securely fixing 
the bore cup within the bore, including methods known 
in the art employing friction and/or mechanical interlock- 
ing, may also be used within the scope of the present 
invention. 

[0027] In another embodiment of the present inven- 
tion, shown generally in Figure 6, the bore cup is posi- 
tioned in the piston housing 102 by injection molding. 
The bore cup 105 is constructed, by a means known in 
the art, such as drawing, stamping, or casting. The bore 
cup is then inserted into a mold 700 suitable for forming 
the desired piston housing. The plastic piston housing 
is then constructed around the bore cup by injection 
molding. 



[0028] Figure 4 is a side cross sectional view of one 
embodiment of the present invention. The piston hous- 
ing bore 104 is connected by a channel 103 to the ex- 
ternal source of fluid (not shown). The bore cup 105 has 
5 an aperture 108 aligned with the channel inlet so that 
the interior of the bore cup is in connection with the ex- 
ternal source of fluid. 

[0029] A piston 1 30, which is preferably cylindrical, is 
slidably assembled within the bore cup 1 05. This piston 
io comprises a hollow body 1 32 with a closed end 1 34. In 
some embodiments, this closed end 134 may have a 
vent 1 60 which drains air and some fluid from the piston 
housing 102. 

[0030] In some embodiments, a seal ring 136 is 
15 housed in a groove 1 38 on the outer circumferential sur- 
face 139 of the piston. This seal ring 136 forms a seal 
between the piston outer circumferential surface 139 
and the bore cup 105. In other embodiments, the seal 
ring may be housed on the inner surface of the bore cup 
20 1 05. The groove may be formed by rolling or other meth- 
ods well known in the art. 

[0031] Assembled concentrically within the piston 1 30 
is the piston spring 170. The piston spring 170 biases 
the piston 1 30 out of the piston housing 102 so that the 
piston tip 1 31 pushes against the lever arm 1 8, as shown 
is Fig. 1 . 

[0032] Thus, a high pressure fluid chamber 180 is 
formed within the piston housing 1 02. The fluid chamber 
is formed by the inner surface 1 37 of the piston and the 
inner surface 1 07 of the bore cup 1 05. The seal ring 1 36 
prevents fluid from escaping the high pressure fluid 
chamber through the space between the piston 1 30 and 
the inner surface 1 07 of the bore cup 1 05. Thus, the fluid 
chamber 180 increases in size when the piston 130 
moves in the protruding direction. 
[0033] Assembled within the piston spring 170 is the 
valve housing 200. The valve housing comprises a hol- 
low body having an inner chamber in connection with 
the external source of fluid and at least one aperture 202 
in connection with the fluid chamber 180. In the pre- 
ferred embodiment, the valve housing hollow body is 
roughly cylindrical, but other shapes could also be em- 
ployed. The valve housing 200 is securely fixed within 
the bore cup 105 by means such as a press fit, or by 
other methods known in the art employing friction and/ 
or mechanical interlocking. Additionally, the valve hous- 
ing may have a lip or flange 203 to facilitate a secure fit 
within the bore cup. Alternatively, as shown in Figure 5, 
a seal plug 150 may be positioned between the valve 
housing and bore cup to facilitate a seal therebetween. 
[0034] The valves which regulate fluid flow in to and 
out of the high pressure fluid chamber 180 are assem- 
bled within the valve housing 200. In one preferred em- 
bodiment, an inlet check valve is employed. This valv 
allows fluid to flow from the external source of fluid into 
the fluid chamber 180, but does not permit fluid to flow 
in the reverse direction. 

[0035] The inlet check valve includes a spring 212 
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seated against the valve housing 200. The spring 212 
biases a valve member 21 4 in a direction away from the 
valve housing aperture 202. In the embodiment shown 
in Figure 4, the valve member 214 seats against the ap- 
erture 1 08 in the bore cup. In other embodiments, a sep- 
arate valve seat member may be employed, \felve seats 
suitable for use with an inlet check valve are well known 
in the art. For instance, a valve seat having a body in- 
cluding an air vent connecting the fluid chamber and the 
external source of fluid may be employed within the 
scope of the present invention. 

[0036] Figure 5 is a side cross sectional view of an- 
other embodiment of the present invention, wherein an 
integral inlet and pressure relief valve is assembled 
within the valve housing 200. The integral inlet and pres- 
sure relief valve, which performs both an inlet check 
function and a pressure relief function, comprises a 
number of components. A spring retainer washer 310 is 
assembled within the valve housing 200 such that its 
axial position with respect to the valve housing is fixed. 
A pressure relief spring 312 is mounted on the spring 
retainer washer 310 concentric with the valve housing 
200. An annular pressure relief disk 314 is positioned 
concentrically within the valve housing at the end of the 
pressure relief spring 312 which is opposite the. spring 
retainer washer 310. In this way, the pressure relief 
spring 312, braced against the fixed spring' retainer 
washer 310, biases the pressure relief disk 314 toward 
the aperture 202 leading to the high pressure fluid cham- 
ber 180. The pressure relief disk has an outside diam- 
eter 315 and an inside diameter 316. 
[0037] Biased toward the closed end 210 of the valve 
housing 200, the pressure relief disk 314 seats against 
a pressure relief seat 318. In one preferred embodiment, 
this pressure relief seat 318 is braced against/the valve 
housing 200, having an inside diameter 319 less 1 than 
the outside diameter 31 5 of the pressure relief disk 31 4. 
However, the pressure relief seat may be any compo- 
nent longitudinally fixed with respect to the valve hous- 
ing 200 and capable of forming a seal with the pressure 
relief disk 314. When pressure in the fluid chamber ex- 
ceeds a predetermined maximum level, the pressure re- 
lief disk 314 moves away from, the pressure relief seat 
318 to release pressure. . 

[0038] In the integral inletand pressure relief valve/ 5 
. the pressure relief- disk 31 4 also serves as a seat for the 
inlet check valve member 330. In one. preferred embod- 
iment, ,this valve member is a ball having a diameter 
greater than the inside diameter 31 6. of the pressure re- 
lief disk 314, but less than the inside diameter 319 of the - 
pressure. relief seat 318. Thus, the vafve member isfjee 
to move axially within the pressure relief seat 318, but 
it is too large to pass through the inside diameter of the 
pressure relief disk 314. 

[0039] The valve member 330 is biased away from the 
closed end 210 of the valve housing 200 by an inlet 
check spring 332. This spring is seated against the 
closed end 210 of the valve housing on one end. and 
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against the valve member 330 on the other end. Thus, 
the inlet check spring 332 biases the valve member 330 
against the pressure relief disk 314. When pressure in 
the high pressure fluid chamber drops below a prede- 
termined minimum, as a result of outward movement of 
the piston, the inlet check spring compresses, opening 
the inlet valve to permit fluid to enter the high pressure 
fluid chamber. 

[0040] In this way, a valve is formed within the valve 
housing 200 that functions as both an inlet check valve 
and a pressure relief valve. The valve member 330 is 
biased against the inner diameter 314 of the pressure 
relief disk 314, forming a first seal. The pressure relief 
disk 314 is biased against the pressure relief seat 318, 
forming a second seal. Under static conditions/these 
two seals combine to prevent fluid from passing through 
the valve housing, and thus they form a seal between 
the high pressure fluid chamber 180 and the external 
source of fluid. 

[0041] The in let check function is performed at the first 
seal: Under typical conditions, the first seal prevents any 
fluid from entering the high pressure fluid chamber 1 80. 
However, if the pressure in the high pressure fluid cham- 
ber 180 becomes less than the pressure in the external 
source of fluid, a force will be applied on the valve mem- 
ber 330 urging the valve member open, toward- the 
closed end 210 of the valve housing 200. This force is 
resisted by the inlet check spring 332. If the pressure in 
the high pressure fluid chamber becomes low enough, 
the valve member 330 will unseat from the pressure re- 
lief disk, opening the first seal. Fluid will then flow from 
the external source, through the inner diameter 316 of 
the pressure relief disk 31 4, past the valve member 330, 
and into the high pressure fluid chamber 1 80. Thus the 
spring force of the inlet check spring dictates the pres- 
sured required to allow fluid to flow into the high pres- 
sure fluid chamber 180 from the external source;- 
[0042] The pressure relief function is performed at the 
second seal, between the pressure relief disk 314 and 
the pressure relief seat 319. Under typical conditions, 
■this seal prevents fluid from exiting the high pressure 
-fluid-chamber 180: Hydraulic pressure, applied by the 
.fluid agaihst the outside of the pressure relief disk, and 
applted?by:thefluid against the valve member 330 and 
sttoejvfrom the valve 'member 330 against the inside of 
the: pressure relief disk 314, urges the pressure relief 
disk open, away from the pressure relief seat 318. This 
-force is' resisted -by the pressure relief spring 312. If the 
pressure from inside the high pressure fluid chamber 
becomes too great, the pressure. relief disk 314 will un- 
seat frorrvthe pressure relief seat 31 9, opening the sec- 
ond seal Fluid will then flow from the high pressure fluid 
chamber, -through the aperture 216 in the closed end 
210 of the -valve housing 200; through the space be- 
tween the outside diameter 315 of the pressure relief 
disk 314 and the inside diameter 319 of the pressure 
relief seat 318, and to the external source of fluid. Thus, 
the strength of the pressure relief spring 312 dictates 
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the pressure required in the high pressure fluid chamber 
that will permit fluid to exit the chamber 
[0043] Preferably, the valve member 330 is a ball, but 
it may have various geometric configurations. For ex- 
ample, the valve member 330 may be a disk or a tapered 
plug (not shown). If a tapered plug is used, the smaller 
tapered end will be position near the pressure relief disk 
314 and the larger base end will be adjacent to the inlet 
check spring 332. The exact configuration will, of 
course, depend on the dynamic response desired. For 
example, a solid ball will have a greater mass and thus 
a slower response time and a lower natural frequency 
compared to a small light weight disk, or even a hollow 
metal ball. The valve member may also be constructed 
of ceramic or engineered plastics, such as polymide or 
polyetheretherketone (PEEK). 

[0044] The inlet check spring 332 and pressure relief 
spring 312 may be constructed of any steel customarily 
used for such services. The inlet check spring is typically 
designed for a cracking pressure of several PSI. The 
pressure relief spring, on the other hand, is typically set 
for a much higher cracking pressure of about 250 PSI. 
[0045] In operation, the high pressure fluid chamber 
is filled with hydraulic fluid. If the power transmission 
chain is slack, the piston spring will cause the piston to 
extend. As the piston extends, the pressure in the high 
pressure fluid chamber decreases. When this pressure 
drops to a certain specified level, the inlet check valve 
will open, allowing fluid from the external source of fluid 
to enter the high pressure fluid chamber 
[0046] As the tension in the chain 1 2 increases, the 
chain applies force on the piston 130 through the lever 
arm 18. Because the inlet check valve does not permit 
fluid to exit the high pressure fluid chamber, this force 
causes an increase in pressure inside the high pressure 
fluid chamber. In an embodiment employing a pressure 
relief valve, when the pressure exceeds a certain spec- 
ified level, the pressure relief valve opens, and fluid exits 
the high pressure fluid chamber through the valve hous- 
ing 200. In other embodiments of the present invention, 
fluid may drain from the fluid chamber through the vent 
hole 160 in the piston 1 30. The exit of this fluid from the 
fluid chamber 180 allows the piston 130 to retract. 
[0047] The tensioner of the present invention is de- 
signed for low cost and ease of manufacture. Because 
the high pressure fluid chamber is formed between the 
bore cup 105 and the piston 130, the housing body 102 
may be constructed of an inexpensive material such as 
plastic, aluminum, or iron. The bore cup 1 05, piston 1 30, 
and valve housing 200 may be constructed by drawing 
or deep drawing, which are less expensive than other 
methods of forming metals, such as casting. 
[0048] In addition, the simple design of this tensioner 
also reduces the cost of manufacturing and assembling 
the tensioner. Positioning the valve system within piston 
cavity eliminates the need to position the valve system 
within the housing body 102. Also, the use of a single 
channel 1 03 connecting to the fluid chamber 1 80 further 



simplifies the housing body design. Furthermore, the 
use of the portion of the bore cup surrounding the bore 
cup aperture as an inlet check valve seat reduces the 
cost of the inlet check valve. 
s [0049] Those skilled in the art to which the invention 
pertains may make modifications and other embodi- 
ments employing the principles of this invention without 
departing from its spirit or essential characteristics par- 
ticularly upon considering the foregoing teachings. The 
10 described embodiments are to be considered in all re- 
spects only as illustrative and not restrictive and the 
scope of the invention is, therefore, indicated by the ap- 
pended claims rather than by the foregoing description 
Consequently, while the invention has been described 
is with reference to particular embodiments, modifications 
of structure, sequence, materials and the like would be 
apparent to those skilled in the art, yet still fall within the 
scope of the invention. 



1. A hydraulic tensioner for a wrapped power trans- 
mission device between rotating members compris- 
ing: 

a piston housing having a bore; 
said bore having an aperture adapted to be in 
communication with a source of fluid; 
a hollow bore cup member received within said 
bore having an inner surface and an aperture 
aligned with said bore aperture; 
a hollow piston siidabiy received within said 
bore cup member, said piston having an inner 
surface and an outer surface; 
a piston spring biasing said piston in a direction 
toward said power transmission device; 
said bore cup member inner surface and said 
piston inner surface positioned and configured 
to form a fluid filled pressure chamber; 
a plurality of check valves positioned within 
said pressure chamber, said check valves po- 
sitioned to regulate the flow of fluid in to and out 
of said pressure chamber; and 
said pressure chamber adapted to be in con- 
nection with said source of fluid. 

2. The hydraulic tensioner of claim 1 , further compris- 
ing: 

a valve support member positioned within 
said bore cup member, said check valves being 
seated against said valve support member. 

3. The hydraulic tensioner of claim 1, wherein said 
bore cup member is constructed of a drawn metal. 

4. The hydraulic tensioner of claim 1 , said piston outer 
surface having a peripheral groove and a seal mem- 
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ber received in said groove. 

5. The hydraulic tensioner of claim 1, wherein said 
bore cup member is retained in said bore by friction- 

al contact between said bore and said bore cup s 
member outer surface. 

6. The hydraulic tensioner of claim 2, wherein said 
check valves include a first check valve positioned 

to allow the transfer of pressurized fluid from said io 
source of. fluid to said pressure chamber and to pre- 
vent the transfer of fluid in the reverse direction. 

7. The hydraulic tensioner of claim 6, said first check 
valve comprising: is 

a valve member longitudinally translatable, with 
respect to said valve support member; 
a valve seat longitudinally fixed with respect to 
said valve support member; and 20 
a valve spring biasing said valve member 
against said valve seat and in the direction 
away from said pressure chamber. 

8. The hydraulic tensioner of claim 7, wherein said 2s 
valve member seats against said aperture in said 
bore cup member and said valve seat is the portion 

of said bore cup member surrounding said bore cup 
member aperture. 

■ • .. - 30 

9. The hydraulic tensioner of claim 2, wherein said 
check valves include a first check valve positioned 
to allow the transfer of fluid from said source of fluid 
to said pressure chamber, and. to permit transfer of 
fluid in the reverse direction only when the pressure 35 
of the fluid in said pressure chamber reaches a cer- 
tain specified level. ■* 

10. The hydraulic tensioner of claim 9, wherein said first 
check valve comprises: 40 

• avalve member longitudinally translatable with 
respect to said valve support member; 
a first valve seat; . ... ■?• 

a first valve spring biasing said first valve mem- 45 ..v.- $ 
ber against said first valve seat and in the Ion- »v..*.-s 
gitudinal direction away from said pressure :0- 
.-. chamber; 

a second valve seat; and V. : 

a second valve spring biasing said first valve SQ. 
seat against said second valve seat and longi- 
tudinally toward said pressure chamber. 
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